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Abstract 

We calculate the gauge invariant overlaps for Schnabl/Kiermaier-Okawa-Rastelli- 
Zwiebach's marginal solution with nonsingular current. The obtained formula is the 
same as that for Fuchs-Kroyter-Potting/Kiermaier-Okawa's marginal solution, which 
was already computed by EUwood. Our result is consistent with the expectation that 
these two solutions may be gauge equivalent. We also comment on a gauge invariant 
overlap for rolling tachyon solutions in cubic open string field theory. 
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§1. Introduction 



Since Schnabl's construction of an analytic solution for tacliyon condensatiorP in bosonic 
cubic open string field theory, there have been new developments. (See Ref. [2]) and refer- 
ences therein.) In Refs. |3]) andHj), gauge invariants Ovi^) specified by on-shell closed string 
states, which we will call gauge invariant overlaps, were computed for some solutions. The 
evaluation of gauge invariant overlaps, in addition to that of the action, can be used to 
check the gauge equivalence of apparently different string fields. In Ref. S]), the values of 
gauge invariant overlaps for Schnabl's analytic solutioiJD and the numerical solution in the 
Siegel gauge (Ref. [5]) and references therein) for tachyon condensation were computed and 
compared. The result was consistent with the expectation of their gauge equivalence. In 
Ref. [3]), gauge invariant overlaps for Schnabl's solutiorf^ and one type of marginal solutions 
given in Refs. [6j) and [7]) were evaluated and interesting formulas were found. In this work, 
we will compute gauge invariant overlaps for another type of marginal solutions constructed 
in Refs. |8]) and [9]) and find the same formula for marginal solutions as obtained in Ref. [3]). 
This is consistent with the expectation that the marginal solutions given in Refs. [6]) and [7]) 
and in Refs. M> andlHI) are gauge equivalent. We also apply our result to a rolling tachyon 
solution investigated in Ref. [TOll . which is an example of the marginal solutions in Refs. [8]) 
and [9]), and comment on the large deformation limit. 

Let us begin by reviewing marginal solutions and gauge invariant overlaps briefly. There 
are two types of marginal solutions]**] One was constructed by SchnabP and Kiermaier- 
Okawa-Rastelli-Zwiebach,'^ which we abbreviate as Schnabl/KORZ's marginal solution. The 
other one was constructed by Fuchs-Kroyter- Potting and generalized by Kiermaier-Okawa,'^ 
which we denote as FKP/KO's marginal solution in the following. The former can be applied 
only to the case of nonsingular marginal current J, namely, the operator product expansion 
(OPE) among Js is nonsingular: J{y)J{z) ~ finite {y —>■ z). For the latter, we can apply 
more general currents using a particular regularization, although we treat only nonsingular 
current J in this paper for simplicity. Both solutions have one parameter Am and the same 
form, AmcJ(0)|0), for the lowest term with respect to Am, but the higher terms are different. 



** Another type of marginal solutions, which is based on the identity state, such as those in Refs. [TT|) 
and fT2|) . is known. In this case, the evaluation of gauge invariant overlaps is difficult because of divergence 
due to the contraction of two identity states. 
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Schnabl/KORZ's marginal solution q/^/^'-'^'^ jg given b>*** 



<f™' = E«V„, (M) 

n=l 



^m,fc+i = (-f ) / dn--- I drk ?7^(fe)+i JJ J{ 

Jo Jo rr>— n 



m=0 



X 



|0), (1-2) 



where = (2/r)^o^f/^ ^ u^Ur, = h, + Y^Z^^-t^h^u and £o = {Qb,So}. The 
arguments of fields c and J, where (f){z) in the sliver frame is given by (cosz)~^'^0(tan5) 
using (f){z) in the upper half-plane for a primary field with dimension h, are specified by 

k / m 



ft, y 'tli \ 

^i^'=iU''-^-^j:'\ (1-3) 

/—I \ ;— 1 / 



i=l ^ 1=1 

On the other hand, FKP/KO's solution is given by (Appendix | 



oo 



1'ZT° = Y,K,iXn, (1-4) 



n=l 



x(— 1)^ / dxi I dx2--- I dxkJ{xi)J{x2) ■ ■ ■ J{xk)\0). 

f(fc-2) if(fc-4) ifC-fc) 



;i-5) 



In order to satisfy the reality condition, we should apply a gauge transformation by 

CO 

U = I+J2XIU^, (1-6) 



n=l 



Un = Un+l{-lT I dXi j dX2---l J(Xi ) J(X2) " " " 1 0) , 

(1-7) 

where X = f/i|0) is the identity state, then 

^ 1 , ^FKP/KO ^ ^ 1 ^ ^^.g) 



*** We use the notation in Ref. [T|). tfr^/^'-'^^ jg essentially obtained from a BRST- invariant and nilpotent 
string field V^in = ?7icJ(0)|0) aP* ^^^f^ = P„ * (f + A^V-in * * X^i^,,, * Pp, where = C/a+i|0), 

= § Jo daB^Pa, and = + 6_i) + i(So + bI). In this paper, we set a = /3 = 1/2 for 
simplicity. Other solutions, except for a = /? = 0, can be obtained using the relation ij/^^'^^ = ef [a + 

^)(£o-£j)/2^(l/2,l/2)^ which gives the same value of gauge invariant overlaps thanks to Eq. (|l-10p . 
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The gauge invariant overlap Oyi^) is defined by 

Oy{^) = {I\V{zm = (7(lc,2)|K)iJ'^)2, (1-9) 

where {I\V{i) = (7(lc, 2)|V^)i^ corresponds to an on-shell closed string state and (7(lc,2)| 
is Shapiro-Thorn's vertex^ which relates the closed string Hilbert space (Ic) to the open 
string Hilbert space (2). |V^) = ciCiVm(0, 0)|0) is given by a matter primary field V^{z,z) 
with dimension (1, 1). We consider instead of because gauge invariant overlap 

Ov{^) is invariant under gauge transformations. In particular, the on-shell closed string 
state in the open string Hilbert space, {I\V{i) = (7(lc, 2)|K)i^, has the following symmetries 
(Appendix E]): 

{I\V{t)Kn = 0, Kn = U-{-lTL.n, (1-10) 

(J|y(^)(6„-(-ir6_„) = 0, (Ml) 
(J|V(0(c„ + (-irc_„) = 0. (1-12) 

In the first line, L„ denotes the total Virasoro generator, which has zero central charge. The 
first line can be derived from the second line and BRST invariance: {X\V{i)Q-B = 0. 

The rest of this paper is organized as follows. In the next section, we compute gauge 
invariant overlaps for two types of marginal solutions by rewriting string fields appropriately. 
In ^ we comment on gauge invariant overlaps for lightlike and timelike rolling tachyon 
solutions using the result in ^ In Appendix [Aj we rewrite Schnabl's solution for tachyon 
condensation in the same way as marginal solutions in ^ In Appendix [Bl we briefiy review 
FKP/KO's marginal solution and fix our conventions. In Appendix [Cl we derive symmetries 
for on-shell closed string states using the Shapiro-Thorn vertex. 

§2. Evaluation of gauge invariant overlaps for marginal solutions 

We will rewrite the marginal solutions in order to evaluate gauge invariant overlaps easily 
using symmetries ( 11-lOp . and ( 11-12P of on-shell closed string states. 

Schnabl/KORZ's marginal solution can be decomposed in the same way as (Appendix 
because the ghost sector of ipra,k+i (ll-2p is similar to ipr f!A-2p . From flA-4|) . flA-5|) and 

r^°(f){z)r~^° = r^(f){rz) for a primary field (f) with dimension h, we rewrite ipra,k+i as 



11 ^ / 

^m,.+i = (-|)' [ dn...[ dru (7W)(^o-4)/2 -Q (^W)-ij(^ 



X 



(k) ~{k) -, / ~{k) 

^ (^o-i3t)cmcf5^) + i cf^)+c(^)| 10). (2.1) 



TT " \7(^) / V7('^) / 2 \ V7(''^) 
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Then we have 



S/KORZ 

Am 



fc=0 ^ ^ m=0 ^ 

+o(/:o - 4> ^0 - 4, c„ + (-i)"c_„) 

fc=0 ^ ^ ^ m=0 ^ 

+OiK^, Co - Cl Bo - BI c„ + (-l)"c_„) , 
where we have used the relations: e°'^^J{z)e~°'^^ = J{z + a), (IA-6p . flA-7p and 

oo 

e"^^ci|0) = c(a)|0) = c,\0) + ^^(a^'^+^c.i.sfclO) + a^^+^c.^.lO)), 



ci|0) 



A:=0 



fc-1 



Cl-2fe|0) = y^^Cl''\ci^2k+2l - C-i+2k-2l)\0) , {k = 1,2,3, 



(fe) 



/=0 



(arctan z^-^l + z'^z" C):i, + = 0, = 1 



2\-2 2k~2l 



(k) 



2m 



ci|0) = ci|0), 5o|0) = co|0), 



'k-l 



c_2fc|0) = J^Cf ^(c2/-2fc + C2fe-20 +Cf ^co ) |0) , (A; = 1, 2, 3 

\ 1=0 

Cf) = /^(arctanz)-2'=-2(i + ^^)-V 
Jo 27rz 



^2^,-2^2fc-2^+l n'(k) 



{2k + l)V ° 



(2-2) 

(2-3) 

(24) 

(2-5) 
(2-6) 

(2-7) 
(2-8) 



The boundary operator J{z) on the shver frame with dimension 1 is related to the one on 
the unit disk w = e^*^, which we denote by Ju,{w), as J{z) = |2ie^*^| 7^^,(6^*^). Using and 
inserting 1 = f/f ^f/i in front of the first term, f |2-2p can be rewritten as 



S/KORZ 

Am 



OO „ k 

fe=0 1=1 

+0{K,, Co - Cl Bo - Bl cn + (-l)"c_„), 



where the arguments are given by changing the variables as 
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(fc) 



-27r- 



It induces the Jacobian 



9(ri 



rk 



(27r)^ (27r)'= 



(2-9) 



(2-10) 



fc+i 



1 + 



A:+l 



(2-11) 
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which cancels the extra factor of the first term of (12-21) . The integration region V is deter- 
mined by < n < 1 (/ = 1, 2, ■ ■ ■ ,k) or 

0<-v.f)<27r-(-^f), 0<-^f)-(-v.S)<27r-(-v.f), (/ = 2, 3, ■ ■ ■ , A;) 

(2-12) 



and the volume is computed as 



1 /"I (0^\k {0^\k 



We note that the nonsingular current Jy^s can be exchanged without singular behav- 
ior. Therefore, by noting ([UID and using f/f^ = UT + /o^"f " e!^i))f/f^ = 
U^^ J^^ ^e^^^ + 0{Ki), the integration in (12-91) can be rewritten as that on the unit circle: 



1=1 

+0{K,, Co - Cl Bo - Bl c„ + (-l)"c_„) , 

+0{Kr, Co - Cl Bo - BI c„ + (-l)"c_„) . (2-14) 

In the last equality, we note that any k + 1 points specified by coordinates 6i{e Mmod27r) 
{I = 0,1, - ■ ■ ,k) can be chosen, such as (6*0 = 6,6i = 6 + (p^i \ ■ ■ ■ ,6k = 6 + V^i'^'*), which 
satisfy (12-121) by shifting the origin and exchanging them for each other appropriately, and 
we have used (12-131) for the 0(A^+^) term on multiplicity. 

In the case of FKP/KO's marginal solution (11-41) . we can also rewrite ^x^^^l^'^' 
same way as above: 

\m,L ^ rn y 4^ ) \ n / .(n-5) / -^(n-1) 
n=l ^ ^ 4 4 4 

X J{xi/n)J{x2/n) ■ ■ ■ J{xn-i/n)ci\0) 
+0(£o-4>c„ + (-irc_„) 

= — f/fi V(-A^)" / dOo / de^ de^--- de^_, 

n-l 



+0{Ku Co - Cl Cn + (-l)"c_„) . (2-15) 
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In this case, noting the volume 



de^ dOi de2--- rfe„_ii = ^-^ (2-16) 

and usiner the facP that any n points specified by coordinates 9i{e ]Rmod27r) (/ = 
0, 1, ■ ■ ■ ,n — 1) can be chosen, such as Oq — 9i < > > ■ ■ ■ > 6'„_i, by shilling 

the origin and exchanging them for each other appropriately, fl2-15l) can be rewritten as 

^JfP/KO = (^e-^-/o^'^^^»(^") - l) ci|0) 

+0(Ki, Co - Cl c„ + (-l)"c_„) . (2-17) 

From decompositions of Schnabl/KORZ's f l2-14p and FKP/KO's (12 -17^ marginal solu- 
tions, the symmetries of the on-shell closed string state {I\V{i): (11-101) . (11-111) . (Il-12p . and 

{X\V{i)\ip) = {V{i)fx o where the conformal map fx{z) = 2z/{l — z^) corresponds to f/i, 
we have 



2m 



ww,m 



(0,0)c"'(l) ('e-^-^o^'^e^»('='') - l)\ . (2-18) 

V / / disk 



The second equality was already shown in Ref . [3]) . The first equality means that for the same 
parameter Am and nonsingular current J, Schnabl/KORZ's marginal solution and FKP/KO's 
one give the same value for the gauge invariant overlap Ov{^)- This is consistent with 
the expectation that ip'^/^^*-*^^ g^Yid ^x^^i^'~' sue gauge equivalent. The above value (12-181) is 
related to the closed string one-point function,'^ such as ^Am(^) ~ •^\m=o{y) , where Ax^{V) 
is the disk amplitude for a closed string vertex V with the boundary condition deformed by 

§3. Comments on rolling tachyon solutions 

Let us consider the gauge invariant overlap Ov^{^) with the zero momentum graviton 
Vm = CfiiydX^^BX" for Hellerman-Schnabl's solution,'!^ which we denote by ^x^- ^x^ is 
given by Schnabl/KORZ's solution q/^/J^'-'^'^ with the lightlike rolling tachyon operator J = 
e^^'^ , {(3 = l/{a'V^)), on the linear dilaton background ${x) = V^x'^,{V'^ > 0,26 = 
D + Ga'Vfj.V'^, /i = 0, 1, ■ ■ ■ ,D — 1). On the linear dilaton background, the matter Virasoro 

operator is deformed by as L^™'' = | X]fc • '^fc.M'^n-fc • + ^W/j^'^n- Therefore, 

polarization (^^^ for the on-shell closed string state should satisfy the transversality condition 
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Ctiv^^ = = 0- Applying the formula for gauge invariant overlap f l2-18p . we have 

= I d^'x ^Cm.(^/^-(x)U=2.a. - ^^'^(x)U=o) . (3-1) 

Here, we have used 

A^^'ix) = (: d^X^'B^X" : (0, 0) e"^ ^'''^)rk,x , (3-2) 

which is a CFT correlator in the linear dilaton background on a disk with a fixed zero mode 
such as a;'" = ^ J^^ d9X^{e''^). Substituting a concrete expression for A^'^{x), which was 
explicitly computed in §5 in Ref . [TOj) . the gauge invariant overlap is evaluated as 

Oy^i^^^) = ^J d''xe-^-^{c,,r,^''{e-^-^-^'''^- 1) - Aix a' \^C-e^^^ -^^^-""'^^^ ■ 

(3-3) 

On the other hand, the gauge invariant overlap Ov(^{^) for Schnabl's solution for tachyon 
condensation can be evaluated using the result in Eq. (3.28) in Ref. Hj) with the nor- 
malization 

Cy^ = {2nf5''{^)C,ur'^ = -^CuV'^l d'^xe-''- (3-4) 
in this case. Namely, we have 

Ov.il^Li) = -^C..^^"'^/ d""^^'"^'^ ■ (3-5) 
Comparing the above expression and fl3-3l) . we obtain the relation 

hm Oy^i^f^) = Oy^i^t,) , (3-6) 

Am — ^ + 00 

at least formally. The result is consistent with the limit of the string field itself, 
lim2,+^+oo '^lif ~ l™Am^+oo '^lif ~ ^A=i' which was proved in Ref. HHD in terms of the 
Cq basis. 



Next, let us consider the ordinary timelike rolling tachyon solution, namely, Schn- 
abl/KORZ's solution 5^^^^^^^ with the timelike rolling tachyon operator J = e'^° on the 
flat background. It is knowrP'l^ that the tachyon component given by the coefficient func- 
tion for ci|0) in ip'^^^^^^ wildly oscillates for x° —>■ +oo (or Am +oo) numerically. (See 
also Refs. [I5l),[l6]) and fTOi) .) This seems to imply limAm->+oo !^Am^°^^ '^a=i fo'^ — 
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On the other hand, one can formally evaluate the gauge invariant overlap with the zero 
momentum graviton Vm = (f^u'^'dX^dX" in the same way as in the above lightlike case using 
the formula fl248D and A^""{x) computed in Ref.[I7]): 

s/KORZ) ^ 1 /• rf^^^ .^(/(^O) _ ^(^0) ^ I (3-7) 

Zm J i + /vrAme 

If one adopts the limit Am +oo in the integrand naively, it seems to converge to the value 
for Schnabl's solution for tachyon condensation: Ov^i^x=i) — I However, 

the limit for the flat space may be too naive because Am-dependence should be absorbed by 
shifting the origin of x° as an integration value of Oy^i^x!^'^^'^) ■ desired to define and 
evaluate local gauge invariant quantities in string field theory in order to investigate such a 
limit. 
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Appendix A 

On Schnabl's Solution for Tachyon Condensation 



Schnabl's solution for tachyon condensatiorP' is similar to Schnabl/KORZ's marginal 
solutions but simpler than them. Hence, it is instructive to investigate the decomposition of 
the solution for tachyon condensation in order to simplify the computation of gauge invariant 
overlaps. 

Schnabl's solution ip'f with parameter A is given by 

^! = J^bY'^r\r=0 = f; ^^:^PAr=0, (A-1) 



n=0 



2 
vr 



-(^o + i3t)c(-)c^U- c(-)+c^ 



|0). (A2) 
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The string field ipr can be rewritten as 



:i+r) 



vrr 



1 + r 



vr 



(Bo - Bl) c 



4(1 + r) 



nr 



+ c 



-vrr 



4(1 + r)y V4(l + ?^) 



4(1 + r) 
—vrr 



|0) 



(A-3) 



using 



Ur+2 = e 2 
{Borc{z)} 



'l + r) 



[l + r] 



-Co 



(A-4) 
(A-5) 



Furthermore, noting the anticommutation relation {bp,c{x)} = (1/2) sin2a;(tana;)P, we have 

^ oo 

-(5(x) + d{-x))\0) = ci|0) + cos2x^(tanx)2'=(ci_2fc - C2fc_i)|0), (A-6) 



k=l 



c(x)c(— x)|0) 



(oo 
Co + ^(tana;)^'(c_2« + C2/) ) sinx( ci + cos^a; 



which imply that ipr (1A-3P can be rewritten as 



oo \ 

^(tanx)2'^(ci_2fe - C2k-i) j |0), 

k=l ' 



= -ci|0) + 0(£o - jCI Bo - Bl c, + (-l)'^c. 

TT 



(A-7) 



(A- 



Here, 0{Co — Cl Bo — BI Cfc + (— l)'^c_fc) denotes some linear combination of terms comprising 
Co~'^l Bq — ^I and Ck + {—l)''c^k, where at least one of them is multiplied on the conformal 
vacuum |0). The first term (2/7r)ci|0) does not depend on r. Using this fact and (lA-ip . we 
have 



|ci|0) + 0(£o - Cl Bo - Bl Ck + (-l)'=c_fc) , (A = 1) 



0{Co-ClBo-Blck + {-l)''c-^ 



(A 7^1) 



(A-9) 



Because Cq—'^o Bo~Bo linear combinations of and 6„ — (— 1)"6_„, respectively, the 
terms in 0{Co—Cl Bo—BI Cfc+(— l)'''c_fc) give no contribution to the gauge invariant overlaps 
thanks to symmetries fll-lUI) . (II -lip and (ll-12p of on-shell closed string states {I\V{i). The 
first term i/jq = fci|0) of ^^=1 only contributes to the gauge invariant overlaps, which is 
consistent with the result in Refs. [3]) andH]), and it reproduces the ordinary boundary state 
by contracting the Shapiro-Thorn vertex with projection VbQ in the closed string sector.'^Sl' 
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Appendix B 

On FKP/KO's Marginal Solution 

Here, we review FKP/KO's marginal solution with nonsingular current J. Let us con- 
struct a solution with parameter Am, such as 

oo m— 1 

^ = XI ^mV'n, V'm = QB0m + ^^k* (f)m-k, {m > 2); = Qb</'i- (B-1) 

n=l k=l 

In fact, using ( IB-ip for any (pm with ghost number 0, we can check the equation of motion 
Qb^ + ^ * ^ = formally order by order in Am: 

n-l 

Qb^1=0, QBV^n + J]^n-fc*^fc = 0. {u > 2) (B-2) 

fe=l 

By choosing (/)„, such as 

cpn = ' x"(0)|0) * f/„|0) = - 1)) |0), {n > 1) (B-3) 

with X = CnX^, (CmC^ = 0); can show that the obtained solution ^ is independent of the 
zero mode of X(z)P Noting the BRST transformation [(5b,-^(2;)] = cJ{z) with J = dX, 
which is a primary field with dimension 1, we can obtain ijjn such as ipi = cJ{0)\0) ,tp2 = 
-UscJi^) /_\t/xJ(x)|0) and 



n-l 



= - \,, cJX^-\<dm * ?7„|0) + cJ(0)|0) * + V^fc * (B.4) 
(n-l)! ^ 

for n > 3. Taking the ansatz for ipn without X itself: 

= Un+icj{^j{n - l))xg/n-2(xg,xg, ■ ■ ■ ,xg)|0), (B-S) 

/ d£J(x), (B-6) 

Jf(n-2i+l) 

where fn-2{xi, • • • , is a homogeneous polynomial of degree n — 2 with respect to Xi, 

and using the star product formula developed in Ref. HI, we find the recurrence equation 

2 ^ / \ti k 2 

fn-2{Xi,X2, ■ ■ ■ ,Xn^l) = - , ^ ... - y'/fe(Xi,X2, • • • , Xfc+i) ^'^^ — (B-7) 

(n — 1)! [n — k — 2)\ 

in > 3) with /o = —1 from flB-4p and flB-3p . This equation can be solved as 

Xi 
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(n- 1)! 



„_1 n-2 n-2-(s-l) n-2-{s-p)-Y:\J h n-2-Ef=i 

■ + 

s=l fci=l A:p=l fcs=l 



n 



Using the above result, we have 

-^1,2 /n-2l-^l,2 ) -^1,3 ^l,n) 

= dXi / dX2 / dXs--- dXn-lJ{Xi)J{x2) ■ ■ ■ J{Xn-l), 

>^f("-3) ^f(n-5) if(n-7) >/-f(n-l) 



:b-8) 



:B-9) 



which corresponds to the expression given in Ref. [7]). If we use this formula or fll-4p with 
any matter primary field J, which has dimension 1 and nonsingular OPE, we can check that 
the obtained string field ^x!^^^^^ satisfies the equation of motion. 

Appendix C 

Relation to the Shapiro- Thorn Vertex 

It is convenient to use the Shapiro-Thorn vertex (7(lc, 2)| to find formulas related to the 
gauge invariant overlaps, because they can be expressed using (7(lc,2)|, as in ( ll-9p . On the 
closed and open string sides, (7(lc,2)| is specified by maps hi{wi) = —i{wi — l)/{wi + 1) 
and h2{w2) = {w2 — l/w2)/2, respectively. (See Appendix B in Ref. i4j) for details.) Using 
these maps or explicit formulas for Neumann coefficients, we can derive 

(7(lc,2)|(ir(2)-(-l)t^c5™) 

= (7(lc,2)|(-2z«) $^(-ir(r/2Vi + i-inl^.^ (C-1) 

m>0 

(7(lc,2)|(6(f)-(-ir6L^i) 

= (7(lc,2)|(-2z") $^(-l)™(r^L+i - V2rn-iM^ + i'lnl^^), (C-2) 
(7(lc,2)|(c(^) + (-ircLl) 

= (7(lc,2)|^5^(-ir(r/^';i -r/^, + 5„,i)(c« + (-irc«), (C-3) 

n>l 

where Sn-.even = 1(0) for n: even (odd) and c is the central charge for the Virasoro algebra in 
the first line, rj^ is defined by the generating function {jz^)'' = X^^o^n^"- By contracting 
the above with the closed string state = CiCiKrL(0, 0)|0)i^ where V^{z,z) is a matter 

primary field with dimension (1, 1), we obtain formulas (11 •101) . (II- lip and (ll-12p . 
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We note that the level-matching projection V = Jq^ ^q~iO{Lo-Lo) ^^j. Qjosed string states 
corresponds to J^^ ^e^^'^ for the open string side on the Shapiro-Thorn vertex because of 
the identity 

(7(lc,2)|(L« -L«) = (7(lc,2)|^irf\ (C-4) 

which follows from fIC-ip . 
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